ABSTRACT Three children and two young adults with severe asthma who had frequent episodes of respiratory failure were studied. Isocapnic hypoxia and hyperoxic hypercapnia were produced separately using a rebreathing apparatus. Alveolar carbon dioxide tension and oxygen tension were estimated by continuously sampling expired gases. The three young children had a diminished response to hypoxia but a normal response to hypercapnia when compared to control asthmatic children (p < 0 05) or healthy children (p < 0 05). The two young adult patients had a normal response to hypoxia but one had a low response to hypercapnia. Studies of parents of these patients suggested that familial factors in part may determine the degree of response to hypoxia. It is suggested that the chance combination of a possibly familial, inappropriate response to hypoxia with severe asthma would lead to a risk of respiratory failure.
The degree of ventilatory response to hypoxia and hypercapnia is controlled, in part, by familial factors. Long distance runners and their non-athletic family members have an abnormally low response to hypoxia.1 Similarly, healthy offspring of hypercapnic patients with chronic obstructive airways disease have a decreased response to carbon dioxide when compared to offspring of normocapnic patients.2 In contrast, environmental factors such as long-term residence at high altitude may lead to an acquired blunted response to hypoxia.3 Diseases causing prolonged hypoxia such as cyanotic congenital heart disease4 or chronic lung disease5 may also lead to a diminished response to hypoxia.
Asthmatics as a group have a normal response to hypoxia and hypercapnia.6 7 In fact, in certain situations, such as adding an external resistive or elastic load, the response as measured by Pm 100 is increased.6 7 However, an individual patient with a combination of severe asthma and an unrelated, inappropriately low, familial response to hypoxia or hypercapnia could be at a disadvantage during a period of increased airways obstruction and may be at risk of respiratory failure or sudden death. Hudgel and Weil8 have described a 17-year-old asthmatic who was unusually hypoxaemic and who, with three of four members of the family, had a decreased response to hypoxia.
The purpose of this study was to examine the No reprints of this paper will be available.
ventilatory response to hypoxia and hypercapnia in a group of five children and young adults with asthma who had previous episodes of respiratory failure, respiratory arrest, or loss of consciousness. If abnormal ventilatory control was found, it was hoped that study of their parents might reveal any familial factors.
Methods
Subjects were selected on the basis of (1) recurrent episodes of respiratory failure, loss of consciousness, or respiratory arrest attributed to asthma, and (2) sufficient comprehension and neuromotor development to perform repeated pulmonary function tests.
Three older children (aged 10 to 12 years) and two young adults (aged 18 years) who conformed to these criteria were studied. Two had multiple episodes of acute bronchoconstriction and associated loss of consciousness occurring at night usually at home. The others had more than one episode of respiratory failure and one had required a period of mechanical ventilation. Parents of patients with a low response to either carbon dioxide or oxygen were tested. One father was not available for testing and one mother was unable to establish a baseline alveolar carbon dioxide above 30 mmHg because anxiety-provoked hyperventilation made her hypoxic response curve invalid.
Because the normal value for ventilatory response 759 to hypoxia is lower in children aged 10 to 12 years9 but is independent of age in early to middle age adult life,'0 two control groups were used. Seven healthy older children aged 9 to 13 years and 14 healthy adults aged 20 to 40 (three smokers and 11 nonsmokers) were studied. All healthy controls had normal spirometry, had never lived at high altitude, and had never undertaken athletic training. Six adolescents with a similar degree of asthma to the patients but with no episodes of respiratory failure were also studied.
The hypercapnic response was measured using the method of Read." The subject breathed room tended to be lower in the adolescent asthmatic controls but this did not reach statistical significance.
There was no significant difference in the degree of airways obstruction between the patients and control adolescent asthmatics as assessed by spirometry.
PATIENTS
The 10 and 12-year-old patients had a significantly lower response to hypoxia than normal controls of the same age (p = 0 02) or asthmatics (p = 004) but the response to CO2 was not significantly different (table 2) . The two 18-year-old patients had a normal response to hypoxia. Patient 5 also had a normal hypercapnic response while patient 4 had the lowest response to CO2 of the entire group (controls plus patients). However, because of the wide SD of the measurement, this value was still within 2 SD of the mean (2 SD from the mean for S is -009). study, asthmatic patients were selected on t#e basis of recurrent episodes of respiratory failure or loss of consciousness-that is, a presumptive clinical diagnosis of inappropriate ventilatory control had been made. Of the five, three had an abnormal response to hypoxia and one possibly had a low response to carbon dioxide.
One possible explanation for this decreased ventilatory response is that the patients had severe airways obstruction and were unable to increase their ventilation. This does not appear to be the case. Firstly, each patient with a low response to 02 showed a normal increase in ventilation with rising C02. (The one subject with a low response to C02 responded well to 02.) Secondly, a group of control adolescents with severe airways obstruction but no episodes of respiratory failure demonstrated normal neurochemical control. Finally, other investigations have shown an increased respiratory drive in asthmatics during methacholine-induced bronchoconstriction.7 Another possible explanation is that the decreased response was acquired because of long-term hypoxia, a situation analogous to high altitude residence. Again this seems unlikely because of the age of the patients: the blunted response in high altitude dwellers is only partial after 10 years of residence and not complete until 20 years.9 A more likely explanation is that the decreased hypoxic or hypercapnic response and chronic asthma occurred independently. In an interesting study of 19 asthmatics during recovery from severe asthma Rebuck and Read13 showed that while the majority of their patients increased their hypercapnic response with improvement in their FEV1, three did not. These three patients showed elevation of arterial C02 tension at the time of presentation. Although the studies in the parents of our subjects are not conclusive there is a suggestion of a familial factor in the two families. The number of parents in this study is too small to assess the contribution of environmental and genetic factors. However, Collins et al14 studied 24 pairs of identical and non-identical twins and concluded that hereditary factors influenced the response to hypoxia but not hypercapnia.
If the hypothesis is correct, then the abnormal hypoxic response is familial and antedates the appearance of asthmatic symptoms. However, none of the patients experienced respiratory failure before the age of 8 years. Therefore the presence of an inappropriately low response to hypoxia in an asthmatic does not explain fully the occurrence of respiratory failure. Rather, an associated change in the severity of the airways obstruction may be involved as these episodes are seen in severe chronic asthmatics and their frequency varies as does the disease. In asthnmatics, the neurochemical drive and resistive load detection may act synergistically-that is, the Hutchison, Olinsky presence of both stimuli results in a greater response than seen in normal subjects exposed to the same stimuli.7 If resistive load detection is also subnormal in these patients with a low response to 02, an exacerbation of their airways obstruction could lead to a risk of respiratory failure or sudden death. Why patients with a low hypoxic response and a normal hypercapnic response, which is possibly a more sensitive drive, do not maintain ventilation is not understood.
The present data plus the previous studies on familial effects lead to several speculations. Rather than thinking of neurochemical control as showing a wide range of responses perhaps it would be more helpful to think in terms of appropriate and inappropriate responders. If an inappropriate response were inherited several high risk situations could be envisaged. The chance combination of severe asthma and an inappropriate response would result in a risk of respiratory arrest or sudden death.
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